Motivation predicts academic achievement beyond cognitive ability. Expectancy value theory (Eccles et al., 1983 ) is a widely accepted and powerful approach explaining academic achievement as well as educational choices and attainment. Recently, attention to the multiplicative term of expectancy and value beliefs has increased. Trautwein et al. (2012) reported a detrimental effect of high task value when expectancy beliefs were low. We aimed to replicate and extend their study by using a large, representative sample of students attending upper secondary school in the German federal state Schleswig-Holstein (N = 3367). Following Trautwein et al. (2012), we applied latent interaction modelling to test whether the predictive value of expectancy value interactions differs for grades, final examinations, and standardized test scores as measures of achievement in two domains. We took the multi-dimensional structure of task value into consideration, analyzing the four components (attainment, intrinsic value, utility and cost) separately. Both a verbal and a non-verbal domain (English as a foreign language and mathematics) were investigated. Overall, the results supported those of Trautwein et al. (2012) . However, our findings suggested measure-and domain-specific differences when using expectancy value beliefs and their interactions to predict academic achievement. Interaction terms predicted final examination results in both English and mathematics. Further, interaction effects were significant for grades in English but not mathematics. In general, effect sizes of multiplicative terms were small, especially in contrast to expectancy beliefs. Findings are discussed regarding the practical and conceptual importance of the multiplicative term in expectancy value theory applied in an educational setting.
Introduction
Individual differences in cognitive ability predict educational attainment and achievement (Deary, Strand, Smith, & Fernandes, 2007; Kuncel, Hezlett, & Ones, 2004; Rohde & Thompson, 2007) . However, psychological constructs capturing individual differences in motivation (e.g., motivation, interest, and self-concept) have been shown to explain an additional amount of variance in these outcomes (ChamorroPremuzic, Harlaar, Greven, & Plomin, 2010; Duckworth & Seligman, 2005; Kuncel, Ones, & Sackett, 2010; Steinmayr & Spinath, 2009) . One of the most influential frameworks to conceptualize achievement motivation is expectancy value theory (EVT; Eccles, 2009; Eccles et al., 1983; Wigfield & Eccles, 2000; Atkinson, 1957 ; for reviews, see Eccles & Wigfield, 2002; Wigfield & Eccles, 2000) . According to expectancy value theory, achievement motivation depends on two elements: (a) expectancy of success as students' beliefs of how well they will do on the activity, and (b) value beliefs describing the extent to which students' value the activity (Eccles et al., 1983; Wigfield & Eccles, 1992; Wigfield, 1994) . In other words, a person who beliefs a successful result when engaging in the task is possible, but does not have a compelling reason to do so will refrain from putting in a great deal of effort. Vice versa, if the task is important but is viewed as unlikely to be accomplished, the person might choose to engage in another task with higher expectancy of success. Value beliefs can be further differentiated into four subcomponents: cost, attainment value, intrinsic value, and utility value (see Eccles et al., 1983; Wigfield & Eccles, 1992; Trautwein et al., 2012) . EVT has been shown to explain students' effort (e.g., Dietrich, Viljaranta, Moeller, & Kracke, 2017) , choices (e.g., Updegraff, Eccles, Barber, & O'Brien, 1996; Nagy, Trautwein, Baumert, Köller, & Garrett, 2007; Eccles & Wang, 2015) , and achievement in a variety of contexts, including academic achievement on different educational levels (e.g., Denissen, Zarrett, & Eccles, 2007) . Despite their clear theoretical distinction, expectancy and value beliefs are strongly correlated empirically. This means that there are few cases in which expectancy beliefs https://doi.org/10.1016/j.cedpsych.2019.01.006 differ greatly from value beliefs. In other words, students with high expectancy beliefs are likely to have high value beliefs in this subject as well. Still, the theoretical distinction could be supported by Eccles and her team as outlined by Eccles and Wigfield (2002) : They have shown that expectancy beliefs are related to actual performance, whereas task values predict enrollment and course choices even after controlling for prior performance (see Eccles et al., 1983 , Eccles, Midgley, & Adler, 1984 , Meece, Wigfield, & Eccles, 1990 . These empirical findings are in support of differentiating between the two constructs, even if they are correlated.
Further, there are intervention studies enhancing value beliefs suggesting that it might be useful to differentiate between the two constructs. Previous research has shown the success of interventions increasing students' utility value to enhance academic effort especially in students with low expectancy beliefs (e.g., Brisson et al., 2017; Hulleman & Harackiewicz, 2009; Harackiewicz & Hulleman, 2010) . This also supports the idea that expectancy beliefs are a result of previous achievements, whereas task values can impact the choice to engage in tasks. Regarding these results it makes sense to consider expectancy and value beliefs as separate constructs and to investigate their interplay as two psychological constructs associated with motivation to engage in domain-specific learning activities.
Recently, this has been done in educational research as additional attention has been dedicated to the interactions of expectancy value beliefs and their predictive value for achievement related behaviors (e.g., Nagengast et al., 2011; Trautwein et al., 2012; Guo, Marsh, Parker, Morin, & Yeung, 2015; Guo et al., 2016) . Findings indicate a multiplicative relation with a detrimental effect of high task value when expectancy beliefs are low. This pattern was replicated for both verbal and non-verbal domains (Trautwein et al., 2012) . It has to be noted, however, that in view of the high correlations of expectancy and value beliefs the number of cases is rather low, as most students with high expectancy beliefs show high value beliefs as well (see also Trautwein et al., 2012) . This means the detrimental effect applies only under restricted circumstances. Further, effect sizes of the multiplicative term were small, especially in comparison to the large effects of expectancy beliefs. However, as pointed out by Nagengast, Trautwein, Kelava, and Lüdtke (2013) , this finding should not be taken as an argument against the theoretical importance of the interaction term in expectancy value theory. Significant interaction effects are an indication of a multiplicative relation between the two predictor variables (Arnold & Evans, 1979; Busemeyer & Jones, 1983) regardless of effect size. Thus, despite potentially small effect sizes, investigating the multiplicative term of expectancy and value beliefs can be seen an important contribution to the understanding of motivation in educational contexts.
We aim to add to this body of research by considering differential effects of expectancy value interactions on three achievement measures in two domains (mathematics and English) by using "an enriched set of outcome variables" as suggested by Trautwein et al. (2012) . Further, and again following Trautwein et al., we focus on academic achievement and its relationship with expectancy value beliefs, taking into account the four subcomponents (attainment, intrinsic value, utility and cost) separately. In order to replicate the findings by Trautwein et al. we used standardized test scores as a measure of academic achievement. In addition, we used grades as the most common measure of academic achievement as well as final examinations as a crucial highstakes but school-based achievement indicator at the end of upper secondary education. Thus, our study aims to systematically investigate these three different measures of academic achievement. Final examinations as high-stakes tests have rarely been examined in secondary education in contexts other than the US-American standardized assessment (for an exception see Meyer, Fleckenstein, Retelsdorf, & Köller, 2019) . They are particularly interesting because of their high relevance to students' academic lives, taking into account that their results make up a substantial part of higher education entrance qualifications in many European contexts. Thus, they are highly relevant for university admission. By comparing three achievement measures including final exams in two domains, we aim to gain more detailed insights on the relationship of expectancy value beliefs and their interactions with different aspects of academic achievement.
Expectancy value theory
According to expectancy value theory, achievement and achievement related behavior is associated with expectancy and value beliefs (Atkinson, 1957; Eccles et al., 1983; Wigfield & Eccles, 1992; Wigfield, 1994) . Both of these components originate in the individuals' perceptions of previous situations as well as socialization processes (Wigfield & Eccles, 1992) . These factors lead to the development of task-specific beliefs, such as ability beliefs, the perceived difficulty of different tasks, individuals' goals, self-schema, and affective memories that, in turn, influence the formation of expectancy and value beliefs (see Eccles et al., 1983; Eccles, Wigfield, & Schiefele, 1998) . Expectancy beliefs and self-concept are theoretically distinct, however, they are not separable empirically (see Eccles & Wigfield, 2002) . This is why in many studies expectancy of success is measured with a self-concept instrument (e.g., Trautwein et al., 2012; Guo, Marsh, Parker, Morin, & Dicke, 2017) .
Evidence of the empirical separability of the four value components has been gathered in several studies (e.g., Trautwein et al., 2012; Luttrell et al., 2009; Conley, 2012; Gaspard et al., 2015 ; see also Flake, Barron, Hulleman, McCoach, & Welsh, 2015) . According to Eccles et al. (1983) , cost describes perceived negative consequences of engaging in a task, for example, performance anxiety amounting to emotional stress or opportunity costs of choosing this option (e.g., fewer time resources can be allocated to spending time with friends). Cost also includes the amount of perceived effort that has to be exerted in order to succeed. Attainment value is defined as the personal importance ascribed to succeeding in a task. According to Eccles and Wigfield (2002) attainment value can also be related to a person's self-schema, confirming relevant aspects of their identity by performing well in a task. Intrinsic value refers to the subjective interest in a task/domain or the enjoyment a person gains from engaging in a task. In the case of high intrinsic value, positive psychological outcomes are the reward. Thus, the intrinsic value component can be viewed as similar to intrinsic motivation as described in self-determination theory (Deci & Ryan, 1985 ; see also Eccles & Wigfield, 2002) . In contrast, utility value describes the perceived individual usefulness of engagement and achievement in a task or domain. Because of the stronger importance of extrinsic performance rewards, utility value can be conceptualized as similar to the extrinsic motivation component of self-determination theory (Eccles, 2009 ; see also Trautwein et al., 2012) . For example, utility value includes the perceived extent of how succeeding in this task can impact a student's future life. In general, previous research supports the four-dimensional structure of value beliefs. However, inter-correlations of the components are strong, especially for attainment and intrinsic value (e.g., Trautwein et al., 2012) .
Despite the huge amount of previous research on expectancy value beliefs, only few studies have differentiated between the four components of task value (see Trautwein et al., 2012 ) -and even fewer took into account the multiplicative relationship of expectancy and value beliefs.
The interaction term
The original EVT model emphasizes the multiplicative relationship of expectancy and value beliefs (Feather & Newton, 1982; Feather, 1982 Feather, , 1992 . Motivation can only be strong if both expectancy and value beliefs are high. This means that low task value cannot be compensated by high expectancy beliefs and vice versa. But in modern conceptualizations of EVT, and especially in field research in educational contexts, the interaction term has largely been neglected.
Detecting multiplicative effects in these kinds of settings is challenging for different reasons (for a detailed discussion see Nagengast et al., 2011; Nagengast et al., 2013; Trautwein et al., 2012; Guo et al., 2017) : first, the rate of extreme cases (e.g., very low expectancy beliefs but very high task value and vice versa) is very small in field research as indicated by the strong correlations of task value and expectancy beliefs (ranging from r = 0.45 to 0.80; e.g., Guo et al., 2016; Trautwein et al., 2012) . Second, most studies did not have enough statistical power due to small sample sizes and methodological difficulties. Especially the inability to correct for measurement error was an issue, because when multiplying two unreliable factors measurement error multiplies as well (Busemeyer & Jones, 1983; Dimitruk, Schermelleh-Engel, Kelava, & Moosbrugger, 2007) .
Recently, studies addressing these issues have been conducted, Nagengast et al. (2011) being the first to "put the X back into expectancy value theory". They found significant interactions of expectancy and value beliefs predicting achievement-related behaviors such as engagement and academic choices in the science domain, following a similar pattern across 57 countries in the PISA study. Building on this work, Trautwein et al. (2012) were the first to consider achievement tests in two domains (English and mathematics) and investigate the different subcomponents of value beliefs separately. Their results showed significant multiplicative relations of expectancy value beliefs for all four subcomponents of task value in both English and mathematics. In order to use these insights in learning and education it is vital to consider the direction of the obtained multiplicative associations. Some studies suggest a synergistic effect of expectancy and value beliefs on homework behaviour (see Nagengast et al., 2013) and achievement-related choices Nagengast et al., 2011) . In contrast, results considering achievement tests suggest a detrimental effect of high task value when expectancy beliefs are low (Durik, Shechter, Noh, Rozek, & Harackiewicz, 2015; Trautwein et al., 2012) . This means that students who see high value in a certain subject but do not have confidence in their abilities perform worse than students with the same expectancy of success but lower value beliefs. While this detrimental effect seems counterintuitive at first, Trautwein et al. explain it with mental contrasting effects (see Oettingen & Gollwitzer, 2010) which lead to frustration accompanied by a decreased goal-related activity. This is the case if the desired outcome is contrasted against a negative reality, while the importance of actively engaging in a goal pursuing behavior is highlighted. This finding is important because it indicates that a high task value is not always beneficial. This could easily be overlooked when investigating expectancy value models without the interaction term.
However, studies modeling latent interactions in the framework of the expectancy value model are scarce and still limited in terms of using different achievement measures. Especially with respect to the difficulty detecting interaction effects, replications are necessary in this area of research. To address this research gap and taking a more detailed approach we investigate differential relationships of expectancy value beliefs considering three important achievement measures. Because of the strong domain specificity of expectancy value theory, findings from one domain cannot just be transferred onto other domains. If results can be replicated in both domains, a strong case can be made for the importance of the multiplicative term when it comes to predicting academic achievement in the framework of EVT. Thus, similar to Trautwein et al. (2012) we investigate a verbal and a nonverbal domain: English as a foreign language and mathematics.
Expectancy value beliefs and achievement measures
Expectancy value beliefs have been shown to predict academic achievement in various domains and contexts (Eccles, Wigfield, Harold, & Blumenfeld, 1993; Trautwein & Lüdtke, 2007; Wigfield & Guthrie, 1997) . Both expectancy beliefs and task values have been associated with academic engagement: students with low expectancy beliefs are more likely to procrastinate academic tasks (Wu & Fan, 2017) and students who have higher academic self-concepts tend to invest more effort into their academic work (Levpušček, Zupančič, & Sočan, 2013; Trautwein, Lüdtke, Roberts, Schnyder, & Niggli, 2009) . Similar relationships of task value and academic effort have been shown in previous studies, with higher task values being associated with higher academic effort (e.g., Trautwein, Lüdtke, Schnyder, & Niggli, 2006) . It can be argued that the extent of these associations varies with characteristics of the utilized achievement measure. For example, interestas a construct very similar to intrinsic value -is stronger in predicting grades than standardized test scores (Jansen, Lüdtke, & Schroeders, 2016) . These results suggest that the association of expectancy value beliefs (and their interactions) with academic achievement may vary with the operationalization of achievement, as different measures capture different aspects of achievement (Willingham, Pollack, & Lewis, 2002) . In the following, we summarize characteristics of three important achievement measures, deriving hypotheses on differential associations with expectancy and value beliefs and their interactions, building on previous research.
Standardized tests can be differentiated in low-and high-stakes settings. We focus on low-stakes settings, because standardized tests in German schools are commonly conducted for research and accountability purposes and thus entail low stakes for the students themselves. Even though most tests are conceptualized close to curricular demands, content and form can differ from classroom learning and assessment (Willingham et al., 2002) . This is why the capacity to solve novel problems (i.e., fluid reasoning) is highly important and related to test performance, resulting in a strong association with cognitive ability. On the other hand, academic effort and related motivational aspects are less predictive of standardized tests (Borghans, Golsteyn, Heckman, & Humphries, 2011 , 2016 Lechner, Danner, & Rammstedt, 2017; O'Connell, 2018; Willingham et al., 2002) . So far, test scores are the achievement measure most thoroughly researched when investigating expectancy value interactions and their predictive value for academic achievement (e.g., Trautwein et al., 2012; Guo et al., 2016) , with all of these studies obtaining significant results. Previous research shows expectancy value beliefs to be associated with learning behavior (Nagengast et al., 2013) . This means for report card grades and final examinations effect sizes should be stronger as these measures are more strongly associated with learning effort and high-stakes for the individual student, as illustrated in the following.
Report card grades are the accumulation of different achievement indicators over an entire school term, containing classroom assessments such as written class examinations and evaluations of oral class participation. The amount of variance explained by cognitive ability is lower compared to standardized tests (e.g., R 2 = 0.10 vs. 0.58; Lechner et al., 2017) . A growing number of studies provide evidence on the incremental value of motivational constructs such as conscientiousness and interest in predicting grades (e.g., Poropat, 2009; Spengler, Lüdtke, Martin, & Brunner, 2013; Steinmayr & Spinath, 2009 ). Furthermore, motivational factors are closely related to consistent study behaviors and school engagement (Wang & Eccles, 2013) , which in turn can influence grading for three reasons: first, effort regulation and persistent studying have positive effects on the amount of learned materials, contributing to academic success (Bidjerano & Dai, 2007; Noftle & Robins, 2007; Steel, 2007) . Second, teachers' expectations and judgments can influence grading (e.g., self-fulfilling prophecies and perceptual biases; Jussim & Harber, 2005) . Third, grades are multi-criterial; teachers are encouraged to evaluate classroom behavior and participation during class and incorporate these into grading. Thus, if a student appears motivated in the classroom, this is likely to influence the teacher's judgment. In summary, the factors described are associated with academic effort (i.e., homework behavior), which has been shown to be predicted by expectancy value beliefs and their interaction (Nagengast et al., 2013) . Considering these relationships, we argue that the expectancy value interactions have stronger effects on grades than standardized low stakes test scores.
Written final exams at the end of upper secondary education in Germany are characterized by their high stakes for students. They have great impact on final GPA and thus admission to university and vocational training opportunities after graduation. However, they are separate from final grades as described above. Both final grades and written final exams contribute to final GPA, but they are distinct measures. Teachers evaluate the written examinations, and students' preparation, academic effort, and learning behavior is crucial in order to succeed as many different materials are covered. Research on final examinations considering motivational constructs is scarce, except for studies on the SATs in the US-American context. Results suggest a stronger association with cognitive compared to motivational constructs (Noftle & Robins, 2007) . However, little is known about the generalizability of these results onto other contexts. Taking into account the nature of final examinations in Germany, effort can be considered important in order to succeed in final examinations (similar to grades). The high-stakes testing situation emphasizes the relevance of effort and learning behavior, so it is even more salient to students compared to grades (which require consistent effort over months). Thus, expectancy value beliefs associated with success in the examinations may be more salient for the students as well. In this situation, the mental contrasting effect -which occurs when expectancy beliefs are low and value beliefs are high at the same time -may be facilitated and result in decreased learning effort (see Trautwein et al., 2012) . Accordingly, the detrimental effect might even be stronger in a high-stakes tests, as the mental contrasting processes and the associated frustration can be argued to prevent students from applying the required effort and preparation time. Thus, we hypothesize that interaction effects predict final examination results even better than they predict grades.
In summary, achievement measures that take into account students' academic effort are more likely to be associated with motivational factors. However, to our knowledge no study has systematically compared different measures of academic achievement in their relationship with expectancy value interactions. We address this research desideratum in this study.
The present study
The present study had two major objectives: first, we aimed to replicate the results by Trautwein et al. (2012) investigating the relationship of expectancy value beliefs as well as their interaction with academic achievement in two domains (mathematics and English as a foreign language). Following Trautwein et al. (2012) , we considered the predictive value of motivation in the framework of the expectancy value model beyond cognitive ability to gain further empirical evidence on the significance of motivational constructs in learning and education. Given the rarity of investigations regarding psychological interactions in educational research despite their theoretical importance, we particularly focused on the multiplicative relationship of expectancy and value beliefs when predicting academic achievement. Second, we extended Trautwein et al.'s approach by focusing on differential relationships with expectancy value beliefs depending on the utilized outcome measure. We considered three different achievement outcomes (grades, final examinations and standardized test scores). Thus, going beyond replication, our study provides a differential view on expectancy value beliefs by considering different aspects of achievement. To the best of our knowledge, no study on expectancy value interactions has compared these three different but common achievement measures so far. Especially final examinations are an interesting achievement outcome because their outcomes have high-stakes consequences for students' subsequent college or university attendance.
The first research question focuses on replication, with our hypotheses following the rationale of Trautwein et al. (2012) .
H1. Intrinsic value, attainment, utility value and cost are strongly related, but separable subcomponents of task value. Thus, we expected value beliefs to have a four-dimensional structure.
H2. We considered the domain specificity of expectancy value beliefs, expecting small to moderate associations for mathematics and English.
H3. We investigated the predictive value of both expectancy and value beliefs when entered separately into the regression equation, expecting both to explain a significant amount of variance in all three achievement measures over and above cognitive ability.
H4. When both expectancy and value beliefs are used as predictors simultaneously we expected stronger effects of expectancy beliefs compared to value beliefs.
H5. We tested for multiplicative effects of expectancy and value beliefs, using the same latent approach as Trautwein et al. and providing further evidence on a multiplicative relationship of expectancy value beliefs. As argued above and in line with previous findings, we expected a detrimental effect of high task value when expectancy beliefs are low with mental contrasting effects impairing performance and goal-setting behavior (Oettingen & Gollwitzer, 2010) , but a synergistic effect when both task value and expectancy beliefs are high (Trautwein et al., 2012) .
Our second research question and corresponding set of hypotheses deals with the predictive value of expectancy value beliefs and their interaction when investigating different achievement measures as dependent variables.
H6. In line with previous research (e.g., Lechner et al., 2017; Jansen et al., 2016) we expected the overall predictive value of both expectancy and value beliefs as motivational constructs to be significantly stronger for report card grades as evaluations given by teachers, compared to standardized test scores as obtained from standardized achievement tests.
H7
. We expected the relationship of motivation with final examinations to be similar to the relationship with grades, because similar aspects of achievement (i.e., high stakes and association with effort) are captured, as described above. (e.g., Meyer et al., 2019; Noftle & Robins, 2007) .
H8. We expected the predictive value of expectancy value beliefs to be stronger on final exams compared to standardized test scores, because of the hypothesized stronger association with academic effort in a performance situation as compared to standardized testing for research purposes as described above (see Willingham et al., 2002) for differences between grades and test scores).
H9. For all interactions we expected a detrimental effect of high task value on achievement when expectancy beliefs are low, as indicated by previous research (Trautwein et al., 2012) . This multiplicative relation of expectancy value beliefs when predicting academic achievement was expected to be stronger for both high-stakes measures and measures strongly linked to effort (i.e. final examinations and grades). This would be consistent with previous research showing expectancy value beliefs to predict academic effort (i.e., homework behavior; Nagengast et al., 2013) . We expected the detrimental effect to be even stronger on final exams compared to grades, because of the emphasis on performance situation and the accumulation of knowledge that has to be retrieved on one single occasion.
H10. In line with Trautwein et al. (2012) similar patterns were expected for both mathematics and English.
H11. Similarly, we expected similar patterns of results for all four components of task value in line with Trautwein et al. (2012) .
Method

Sample
The present study is based on data from the LISA6-study (N = 3775; see . Upper secondary education in the German federal state Schleswig-Holstein has a vocational and an academic track. The academic track represents the traditional Gymnasium with a variety of academic disciplines, whereas the vocational track includes more applied study fields (e.g., technical and economic courses) in addition to obligatory instruction (i.e., languages and mathematics). In both tracks the Abitur as a higher level education entrance certificate can be obtained as final certificate. In this study, achievement tests were obligatory for all students in grade 13 at randomly drawn academic track schools (N = 1433 students from 17 schools) and all vocational track schools (N = 2342 students from 27 schools) with consent of the Ministry of Schools and Professional Education, providing data representative for students in Schleswig-Holstein. Academic track schools were randomly drawn in a multiple step stratification cluster sampling procedure following the approaches in other educational large scale studies (see Bortz & Döring, 2006; Lohr, 1999 ; see also Leucht, Kampa, & Köller, 2016 for further information). Sampling was conducted by the IEA Data processing and research center in Hamburg. The lower number of vocational track schools made it possible to obtain data from nearly all vocational track schools (27 from 29; two were in private administration) in Schleswig-Holstein (see also .
Participation in questionnaires was voluntary as required in compliance with ethical standards. From the original sample we excluded students who were not taking part in English instruction (N = 9) and students differing in years of English instruction because they had focused on another first foreign language (N = 129), resulting in a final sample of N = 3637 (54.7% female; age M = 19.92 years; academic track N = 1315; vocational track N = 2322).
Measures
Expectancy value beliefs
Expectancy beliefs were measured with a self-concept scale consisting of three items (e.g., "I have always been good at mathematics/ English"; Eccles & Wigfield, 2002; Trautwein et al., 2012) . Task values were assessed with 14 items adapted from TOSCA-R (Trautwein et al., 2012; Trautwein, Neumann, Nagy, Lüdtke, & Maaz, 2010) . Five items were used to measure intrinsic value (e.g. "If I can learn something new in mathematics/English, I'm prepared to use my free time to do so"), four items for attainment value (e.g., Mathematics/English is important to me personally), three for utility value (e.g., "Good grades in mathematics/English can be of great value to me later") and two for cost (e.g., "I'd have to invest a lot of time to get good grades in mathematics/English"). All scales exhibited acceptable to good internal consistency (mathematics: α = 0.87-0.90; English: α = 0.67-0.90), showing similar reliabilities as in Trautwein et al. To correct for measurement error in our analyses, we chose a latent modeling approach using multiple indicators for each construct (see Section 3.5). Because of voluntary questionnaire participation as described above data on expectancy value beliefs were available from N = 2234 students. Missing values from students participating in the study, but did not respond to the questionnaire were handled with FIML (see Section 3.5).
3.2.2. Academic achievement 3.2.2.1. Report card grades. Domain-specific end-of-the-year report card grades (year 13; mathematics and English) were collected via school administration lists. Report card grades at upper secondary school in Germany range from zero to 15 points. Higher values indicate better grades. Data on grades in English were available for N = 3619; in mathematics for N = 3617 students. (Neumann et al., 2013 ; see also Kampa, Köller, Schmidt, & Leucht, 2016) . On the day of testing N = 3171 students were present. In line with the NEPS framework, the test's major aim is to cover the literacy aspect of mathematical competence relevant for future life. Thus, tasks include mathematical concepts and procedures embedded in everyday life contexts that are typical for a particular age group over the life-span. As mathematical concepts and procedures are typically learned in school they follow a particular curriculum. According to the NEPS framework, mathematical competencies include two dimensions: (a) content areas in the field of mathematics (quantity (4 items), change and relationship (6), space and shape (3), data and chance (7)) and (b) the cognitive component of mathematical competence, covering activities related to solving mathematical problems. The test assesses six cognitive processes: technical abilities and skills (9 items), modeling (1), mathematical problem solving (4), using representational forms (5), mathematical communication (1). Quality and appropriateness of the items was ensured by extensive pilot studies conducted by the NEPS team (see Neumann et al., 2013) . Reliability and validity of the test have been shown in previous studies. Results (see Kampa et al., 2016) show appropriate convergent validity with cognitive ability tests (r = 0.64 ** ) and differential correlations with students' study profiles, correlations being highest for students with thematic focus on mathematics/science (r = 0.34 ** ). Correlation with language study profiles is lower, supporting discriminant validity (r = 0.07 ** ). English achievement was measured with listening and reading comprehension tests using a subset of items from the German National Assessment. The test items were designed to monitor the implementation of educational standards in Germany (see Köller, Knigge, & Tesch, 2010) and therefore represent competencies based on national curricula for the English language classroom. Competencies were measured with different testlets, each of which included a listening or reading text portraying real-life language situations and tasks with different item types (e.g., multiple choice, short written answers). Three to four tasks consisting of different items were presented in four 15-min blocks. Blocks were balanced in difficulty and rotated in eight different booklets to control for position effects and performance decline with test duration (Multi-Matrix-Design). On the day of testing N = 3191 students were present. Reliability and validity of the test have been shown in previous studies: results can be linked to similar standardized tests such as PISA (see Fleckenstein, Leucht, Pant, & Köller, 2016) . This is further supported by previous results (see , showing differential correlations with students' study profiles, correlations being highest for students with thematic focus on languages (r = 0. 26 ** ). Correlation with mathematics/science study profiles is slightly lower, indicating discriminant validity (r = 0.21 ** ). and language quality need to be covered in the given tasks and evaluated separately according to specific criteria. The task requirements need to go beyond mere retrieval of learned information. Criteria that have to be considered in the evaluation are given for each domain. For example, in the evaluation of content in the English exam, teachers need to consider the independency, adequacy and complexity of the written content. This includes coherence of text, including a clear message and transparent text structure. Criteria are very specific, frame of references are given for "good" (grade 2, eleven points) and "sufficient" (grade 4, five points), indicating the expected performances. In both school types, two teachers evaluate the exams independently, using criteria issued by the ministry of education based on subject-specific demands. Standardized criteria are given. Teachers get a full solution for all tasks, including descriptions on what exactly needs to be written in order to achieve full credit. Example tasks including expectation levels for different grades and example answers are given. If the evaluation of the two teachers differs, the final exam commission decides what grade will be given, consulting a third teacher if necessary. Thus, individual teacher effects are kept at a minimum, especially in comparison with grades. Students are able to choose which subjects they take final exams in to some extent. Thus, not all students take final exams in both mathematics and English. In English, final exam results were available for N = 2950 students, in mathematics for N = 3044 students. There are significant differences between students who chose to take final exams in mathematics/English and students who did not, for example in cognitive ability, socio economic status (SES) and gender (see Author, year). Even though this indicates data on the final examination variables not to be missing at random, we used the full information maximum likelihood approach (FIML) to estimate missing values. This seemed feasible because these covariates are accounted for in the analysis and the number of missing on these variables was low in comparison to the rest of the sample (N = 735 in English, N = 642 in mathematics). However, in the supplements we also provide analyses on the subsamples of students who participated in the respective exam along with robustness checks including the quadratic terms (see Supplements A and C, respectively).
Estimation of plausible values
Five plausible values (PVs) were estimated for each student, using IRT scaling techniques in ConQuest (Wu, Adams, & Wilson, 1998) . PVs are used to gain more accurate estimates regarding associations on population level by correcting students' ability for measurement error (see Wu, 2005; Von Davier, Gonzalez, & Mislevy, 2009 ). They provide a database that allows unbiased estimation of the plausible range and the location of proficiency for groups of students. PVs are estimated based on student responses to achievement test items, as well as on other relevant background information (Mislevy, 1991) . This background model is used to include covariates associated with ability to increase reliability of the ability scores. For the building of the background model only variables obtained from all students were included. Information on gender, age, English and mathematics course level as well as grades were used for the estimation (see . When drawing plausible values, students who were not present on the day of testing were included, so that proficiency scores were estimated based on the background variables (see . For all subsequent analysis we combined the five PVs for final estimations following Rubin (1987) using the Mplus function type = imputation. PVReliabilities were satisfactory, ranging from 0.80 (cognitive ability), and 0.81 (English) to 0.92 (mathematics).
Covariates
Information on gender was collected from school administration. Socioeconomic status was measured by parents' occupational status obtained in a student questionnaire to compute the Highest International Socio-Economic Index of Occupational Status (HISEI; Ganzeboom, de Graaf, & Treiman, 1992) .
General cognitive ability was assessed using the verbal and figural reasoning subscales of the Cognitive Ability Test (KFT4-12R; Heller & Perleth, 2000) . Data were available from N = 3172 students.
As mentioned above, upper secondary education in SchleswigHolstein includes different school tracks. Student characteristics differ systematically between tracks, with academic-track students showing higher academic achievement as well as higher SES and cognitive ability (see . We took account of these differences by using school track as a dummy-coded covariate (see Section 3.5).
Statistical analyses
We applied confirmatory factor analysis and structural equation modeling using Mplus (Version 7.4; Muthén & Muthén, 1998 . In all analyses we followed the procedure described by Trautwein et al. (2012) as closely as possible. Thus, we computed separate models for the four subcomponents of task value, performing all analyses four times, respectively. First, we aimed to replicate the structure of the instrument. Second, we considered the domain-specificity of expectancy and value beliefs for the four subcomponents. Third, we used multiple regression modeling to investigate expectancy and value beliefs as separate predictors of the three achievement measures. Fourth, we used both expectancy and value beliefs as simultaneous predictors. Fifth, we added the interaction term to each of the four regression models. In all regression analyses we used gender, cognitive ability, and SES as covariates. All analyses were repeated for English and mathematics, respectively. All multi-indicator constructs (expectancy beliefs and value beliefs) were modeled as latent variables. All indicators were standardized prior to analysis to enhance interpretability. Models were based on maximum likelihood estimation with robust standard errors using a numerical integration algorithm. Following Trautwein et al., latent interactions were modeled using the latent moderated structural equation (LMS) approach to correct for measurement error of latent constructs and provide unbiased interaction effects (Klein & Moosbrugger, 2000) .
Because of the hierarchical data structure with students clustered in schools it was necessary to control for dependencies in the data. Thus, we used robust estimates of the model parameters (see Muthén & Satorra, 1995) . FIML implemented in Mplus 7 was used to deal with missing values (see Enders, 2010) .
Results
The association of expectancy and task value beliefs with academic achievement
We start by first testing the hypotheses associated with Research Question 1, dealing with replication of the results by Trautwein et al. (2012) . Second, we move on to Research Question 2, extending the study by comparing different achievement indicators.
Multidimensionality and inter-correlations of task values, expectancy and achievement measures
First, we tested the structure of the task value model (H1). We conducted separate confirmatory factor analyses for mathematics and English. Four latent factors representing the components of task value were specified, and each item was allowed to load on only one of these factors. Residual correlations were not allowed. The analyses yielded acceptable model fit indices in both mathematics (χ However, for our subsequent analyses this less-than-perfect model fit is acceptable as the latent modeling is restricted to one latent factor at a time. Overall, results support a four-factor structure of the instrument. 1 Factor loadings are provided in Supplement G.
Inter-correlations between the latent factors of task value components and bivariate correlations with covariates and achievement measures are displayed in Table 1 and Table 2 for mathematics and English, respectively. Standard errors are provided in Supplement F. Results show that most inter-correlations of the four latent factors do not exceed r = 0.90, and thus providing further support for the separability of the four task value components. Tables 1 and 2 further include inter-correlations of value components and expectancy beliefs in each domain, suggesting strong associations in support of our hypothesis.
Bivariate correlations of task value and expectancy beliefs with achievement measures suggest differential associations with grades and final examinations compared to test scores. It can be noted that correlations with test scores are consistently lower than with grades and final exams across the four subcomponents. This is in line with our hypotheses (H6, H7, H8 ). We performed a more rigorous test in subsequent analyses (see results Section 2).
Domain-specificity of expectancy value beliefs
In a second step we considered the domain specificity of expectancy and value beliefs in mathematics and English. In line with our hypotheses, we found negative latent correlations of expectancy beliefs (r = −0.15, p ≤ 0.001), attainment value (r = −0.05, p ≤ 0.05) and intrinsic value (r = −0.10, p ≤ 0.001) between mathematics and English (H2). The association of cost in mathematics and English was non-significant (r = −0.01, p = .607), and there was a positive, but small correlation of utility value in the two domains (r = 0.08, p ≤ 0.001).
Expectancy and value beliefs as separate vs. simultaneous predictors of achievement measures
Following Trautwein et al. (2012) we addressed the predictive value of expectancy and value beliefs on academic achievement in the next step, extending their study by simultaneously investigating three different achievement measures. First, we used expectancy and each of the four value components as separate predictors, controlling for gender, cognitive abilities, SES and school track. In line with our hypotheses, the results show expectancy and all task value components to significantly predict academic achievement for all three achievement measures (H3). The analyses yielded similar results for both mathematics and in English (see Tables 3 and 4 , respectively).
In the next step, we used expectancy beliefs and attainment value simultaneously to predict academic achievement in mathematics and English (see Tables 5 and 6 , respectively). In line with our assumptions, expectancy beliefs in this model were shown to be the stronger predictor of achievement in both mathematics and English (H4). Due to the strong association of expectancy and value beliefs, the effects of value beliefs were no longer statistically significant. In fact, some coefficients for value beliefs indicated a negative relationship, especially in the analyses considering attainment and intrinsic value. This is most likely a suppression effects due to the strong correlations with expectancy beliefs.
Predicting different achievement measures using the expectancy value interaction term
In the next step, we tested whether the interaction of expectancy and value beliefs would significantly predict academic achievement (H5). Going beyond replication in this step, our main research question focused on the differential effect of expectancy value interactions when predicting grades, final examinations, and test scores simultaneously (Research Question 2). Results suggested both measure-and domainspecific differences (see Tables 7 and 8 for mathematics and English, respectively).
To provide stronger support for our hypotheses comparing the three achievement measures we tested whether the effect of expectancy value differs significantly between measures. To do this, we conducted several Wald tests. Results suggested significant differential effects for grades and test scores (H6), as well as between final exams and test scores (H8) for all task value components (all p-values ≤0.001, see Supplement D).
Results on H7 varied between domains (H10) and different components of task value (H11). In mathematics the effects of expectancy value beliefs differed significantly between final exams and grades for all task value components (all p-values ≤ 0.001). In English, results differ for attainment and intrinsic value (p ≤ 0.001, respectively), but no significant difference could be found when considering utility value and cost.
In H9 we were concerned with the multiplicative term, particularly with differential effects between measures. Domain-specific results (H10) were obtained as well as differential results regarding the components of task value (H11): In mathematics, the interaction terms significantly predicted achievement for final examinations, but not for grades and test scores in all four models. An exception is the task value component of cost: cost significantly moderated the association of expectancy beliefs and mathematics test score. In English, the interaction terms predicted both grades and final exams. In both domains, results differed from findings obtained by Trautwein et al. (2012) , as the interaction of expectancy and value did not significantly predict test scores, with the exception of cost in mathematics (H5).
Robustness checks
Robustness analyses on the subsamples of students who participated in the respective exam (e.g., all students who took mathematics and all students who took the English exam; see Supplement A) yielded similar results. As a further check of robustness, we included quadratic terms into our models (Supplement C; see Ganzach, 1997) . Because of high multicollinearity of expectancy and value beliefs and their quadratic effects standard errors increased exponentially, resulting in non-significant interaction terms, even though effect size did not decrease. Thus, conclusions on the stability of the interaction effects cannot be made. As a further robustness check we included results from manifest analyses (see Supplement B). In these analyses interaction terms are largely non-significant, as can be expected due to measurement errors as pointed out above, emphasizing the benefits of a latent approach.
Graphical illustration of significant interaction terms
To illustrate what the significant moderation of expectancy beliefs on the relationship between value components and measures of academic achievement entails, graphical displays are provided (see Fig. 1 ). It has to be kept in mind that in this kind of field study, the most extreme categories are rare (e.g. very high expectancy beliefs but very low task value). Nonetheless, the direction of results suggests that for students with high expectancy beliefs task value is not associated with performance as much as for students with low expectancy beliefs. For students with low expectancy beliefs, graphical displays of the interaction effects suggest that if intrinsic task value is high, performance in final examinations is lower, suggesting a detrimental effect of high task value if expectancy beliefs are low. This is in support of our hypotheses.
Discussion
In this study we had two major aims. First, we intended to replicate the results by Trautwein et al. (2012) , showing the multiplicative effect of expectancy and value beliefs when predicting academic achievement. Second, we extended the investigation by focusing on the differential predictive value of expectancy value beliefs and their interactions depending on the utilized achievement measure.
Replication of Trautwein et al. (2012)
Regarding the first question we replicated most of the findings by Trautwein et al. (2012) . Our results provide further support for the multi-dimensionality of value beliefs, showing they can be empirically differentiated into four components (H1), even though inter-correlations are high. Moreover, our results are in line with previous findings concerning the domain-specificity of expectancy value beliefs (H2), with utility value appearing to be somewhat less domain-specific (Trautwein et al., 2012) . Further, our results replicate previous research as both expectancy and value beliefs predict achievement when entered into the model separately (H3). We also found no additional predictive effect of value beliefs when entering them next to expectancy beliefs (H4). Thus, most of our findings were in line with previous research.
However, we could not replicate the multiplicative effects of expectancy and value beliefs predicting standardized test scores (H5) that were found by Trautwein et al. (2012) . Potential reasons need to be discussed. First, different achievement tests were used in the studies. Trautwein et al. applied a version of the TOEFL test to measure English competencies, and a TIMSS (Third International Mathematics and Science Study; e.g., Baumert, Bos, & Lehmann, 2000) test in mathematics, whereas in our study we assessed English using items from the German National Assessment and mathematics using a NEPS test. It can be argued that these mathematics tests differ in conceptualization, with the NEPS test being designed in line with the literacy concept and thus measuring competencies, whereas TIMSS is conceptualized closer to the school curriculum, capturing knowledge. If test content is more school based in one study it could have resulted in a stronger association with grades compared with the other study, explaining a stronger effect of motivation on test scores with significant interactions in Trautwein et al. (2012) . This hypothesis needs to be considered in future research. Second, different student samples were tested. Trautwein et al.'s study was carried out in the German federal state Baden-Württemberg, ours in Schleswig-Holstein. Even though both studies were conducted in upper secondary schools in year 13 and academic as well as vocational school track were included, population differences can be assumed. Previous research has shown that students in Baden-Württemberg perform better J. Meyer, et al. Contemporary Educational Psychology 58 (2019) 58-74 J. Meyer, et al. Contemporary Educational Psychology 58 (2019) 58-74 Note. Exp. beliefs = expectancy beliefs; SES = socioeconomic status; CFI = comparative fit index; RMSEA = root mean square error of approximation; SRMR = standardized root mean square residual. Standardized test score refers to the results from standardized achievement tests conducted for research purposes.
Final exam refers to the results obtained in written final matriculation exams at the end of upper secondary school, thus associated with high stakes for students as they influence college entrance certificates (Abitur). Note. Exp. beliefs = expectancy beliefs; SES = socioeconomic status; CFI = comparative fit index; RMSEA = root mean square error of approximation; SRMR = standardized root mean square residual. Standardized test score refers to the results from standardized achievement tests conducted for research purposes.
Final exam refers to the results obtained in written final matriculation exams at the end of upper secondary school, thus associated with high stakes for students as they influence college entrance certificates (Abitur). * p ≤ 0.05. ** p ≤ 0.01. *** p ≤ 0.001. a Gender: 0 = female, 1 = male. b School type: 0 = vocational track, 1 = academic track.
on achievement tests in mathematics compared to students from Hamburg (Nagy et al., 2007; Neumann, Nagy, Trautwein, & Lüdtke, 2009 ). Similar differences can be found for students from SchleswigHolstein (see Stanat, Böhme, Schipolowski, & Haag, 2016; Pant, Stanat, Schroeders, Roppelt, Siegle, & Pöhlmann, 2013) . If students perform better on standardized tests in general because of differing features of the school systems or varying population characteristics, it can be argued that the effect of motivation and the interaction of expectancy and value beliefs have a stronger impact on test performance. These hypotheses remain to be tested in future research. However, our results 's study were estimated at about β = 0.50-0.60, whereas in our study they were estimated at about β = 0.25-0.50 for test scores. Third, it has to be noted that the data collections of the studies are about seven years apart; it is possible that cohort effects can explain the differential results.
Differential effects of multiplicative terms on achievement measures
Moving on to our second research question, the effects of expectancy value beliefs on test scores can be described as smaller in size compared to the effects on other achievement measures (i.e., grades and final examinations; H6, H7, H8). This was in line with our hypotheses, as motivational constructs generally do not predict as much variance in test scores as in grades (Lechner et al., 2017) . By comparing the measures systematically, we attempted to gain more detailed insights concerning the relationship of expectancy value motivation with academic achievement in both verbal and non-verbal domains and potentially differential effects depending on the utilized achievement measure.
Our results indicated significant multiplicative terms of expectancy and value beliefs when predicting both grades and final exams in English (H9). However, there were differential effects for grades and final exams in mathematics (H10), with the multiplicative term predicting only final exams but not grades. To understand these differences and deduce potential explanations, we will first consider the meaning of the multiplicative relations of expectancy and value beliefs in our study.
Our interpretation of the interactions is in line with the results by Trautwein et al. (2012) : A multiplicative relation implies that the effect of expectancy beliefs on achievement depends on the extent to which an individual values a given domain and vice versa. Accordingly, we find the effect of task value to be dependent on the level of expectancy of success: when expectancy beliefs are high, a high task value can have positive effects on academic achievement (i.e., a synergistic relationship). When expectancy beliefs are low, a high task value does not compensate, but instead have a detrimental effect on a students' academic achievement.
As suggested by Trautwein et al. (2012) , this detrimental effect can be explained with mental contrasting processes (see Oettingen & Gollwitzer, 2010 ) that lead to decreased goal-related activity if the outcome is negative. Further, effort can be understood as a double edged sword (Covington & Omelich, 1979; Marsh et al., 2016; Nicholls, 1976) : a situation associated with high task value but with low expectancy for success presents a threat to a students' self-concept and, thus, self-esteem: if he or she fails or expects to fail in a situation that is perceived to be relevant, negative emotions are set off. It can be argued that the negative emotions associated with failing can be prevented if effort is decreased, as the failure can then be attributed on flexible characteristics associated with the situation (e.g., lack of studying), but if effort is high and the student still fails, it would have to be attributed on stable factors associated with the individual (e.g., lack of ability). Previous studies indicated that inability attributions and negative affect were greatest when failure followed a bigger amount of effort (Covington & Omelich, 1979) . Particularly if failure is a likely outcome-a possibility that is supposedly more evident for students with low self-concept-students might not try hard, because trying hard and failing would further destabilize their subsequent self-concept (Marsh et al., 2016) . Our results suggest that this effect might be even stronger if task value and stakes are high, as expectancy value interactions consistently predict final exams, but not grades in mathematics. These results are in line with our expectations that the detrimental effect of low expectancy beliefs and high task value should be strongest for final examinations. As argued above, in order to succeed in final examinations it is important to put in effort. In view of the high-stakes testing situations for students the relevance of effort and learning behavior is emphasized and thus even more salient to the students than with grades. This means that expectancy value beliefs associated with success in the examinations might be more salient for the students as well. In this situation, the mental contrasting effect that occurs when expectancy beliefs are low with value beliefs high at the same time, might be facilitated and result in decreased learning efforts (see Trautwein et al., 2012) . This seems be even more detrimental in high stakes performance situations such as final exams because there is no way to compensate later. However, for the interpretation of these findings it has to be noted that in view of the high correlations of expectancy and value beliefs the number of cases in which this detrimental effects applies are be rather limited (see also Trautwein et al., 2012) .
The question remains why the pattern of results differs in English, where expectancy value interactions predict both final exams and grades and, further, the overall effect of expectancy value motivation does not significantly differ for the components of utility and cost. Apart from this inconsistency, most of our findings were stable for all four components of task value (H11). Explanations can be found when considering domain-specific differences considering class participation and oral performance in the classroom. With English as a foreign language representing a verbal domain, speaking is one of the core competencies in this subject. Therefore, English grades include oral participation in the classroom to a greater extent than grades in other domains. A student with both high expectancy and value beliefs in English would potentially be involved more in classroom activities, whereas a student with low expectancy but high value beliefs might be more reserved during the lessons due to the processes describes above (i.e., mental contrasting and self-esteem danger), which could result in Fig. 1 . Plots of the significant moderating effects of expectancy beliefs (Exp) on the relationship between value beliefs and measures of academic achievement (final examinations). Depicted are simple slopes at ± 1 standard deviation from the mean of expectancy value. The independent (value) and dependent (achievement measures) variables range from −2 to +2 standard deviations of the mean. lower grades. This process is less likely to apply to mathematics. This would explain why high task value combined with low expectancy beliefs would be detrimental for English grades, but not mathematics. Further, it can be argued that expectancy and value beliefs can differ depending on topics or emotional states that can change over the course of the school year, thus allowing for compensation in other contexts to improve the grade. This hypothesis should be considered in future research in view of domain-specific differences between mathematics and English.
With respect to the findings of previous research, there is another discrepancy that should be addressed. Nagengast et al. (2013) found synergistic effects of expectancy and value beliefs on homework behavior. Reasons for the differential interaction effects for measures of effort (i.e., homework behavior) vs. measures of achievement need to be discussed. There are several explanations for this discrepancy. First, the mental contrasting effect might not apply when it comes to homework behavior, as there are no direct consequences for students depending on their homework assignments (assuming they are not explicitly graded). In Nagengast et al. (2013) items referred to expectancy and value beliefs associated with homework in a given domain, whereas in our study (as well as in Trautwein et al., 2012) items referred to the domain in a more general way. This might indicate that expectancy and value beliefs concerning homework in a domain might be different from students' beliefs regarding the domain itself. This hypothesis needs to be considered in future research.
An alternative explanation for differences between achievement measures regarding their relationship with expectancy value motivation might be found in the types of tasks included. For example, final exam tasks in English include writing assignments requiring the production of coherent texts. This is not the case in the standardized test used in this study, which consisted of shorter answers and multiple choice questions. It can be argued that these differences can explain a stronger effect of motivation on text production as opposed to receptive competencies, such as reading and understanding texts. Because of the need for elaborate and costly evaluation when scoring longer written texts, this type of assignment has rarely been used in large scale research. Thus, investigating the differential effect of motivation on different English competencies remains an interesting question for future studies.
Further, the effect size of interactions needs to be discussed in relation to the main effects of expectancy and value. Similar to Nagengast et al. (2013) and Trautwein et al. (2012) , we found small effect sizes. Especially in comparison with the strong effects of expectancy interaction effects the additional amount of explained variance can be seen as minor. However, as pointed out by Nagengast et al. (2013) , this finding should not be taken as an argument against the theoretical importance of the interaction term in expectancy value theory. Significant interaction effects are an indication of a multiplicative relation between the two predictor variables (Arnold & Evans, 1979; Busemeyer & Jones, 1983 ) regardless of effect size. The small size of interaction effects also warrants applying latent interaction modeling because in manifest models effect sizes would be even smaller, potentially resulting in the unjustified rejection of multiplicative relations. Furthermore, following the argumentation by Nagengast et al. (2013) we considered the effect size of the interaction effect in comparison to that of other background variables, for example we obtained similar effect sizes for SES and school track. In summary, this suggests that small effect size does not diminish the importance of our findings.
Limitations and future research
While this study adds to the body of research on expectancy value interactions and provides new differential insights by including multiple achievement measures, some issues have to be kept in mind when interpreting our results. First, we used FIML to handle missing values. Final examinations are achievement measures associated with a certain amount of choices. Thus, these missing values cannot be assumed to be missing at random. It is known that course selection is strongly associated with expectancy value beliefs (see Nagy et al., 2007) , which is why it is possible that missing values associated with final exam choice behavior may have affected our results. By conducting several robustness analyses we have tried to consider potential effects, but further research is needed.
Second, on a related note, a large amount of data was missing on the expectancy and value items. This is the result of the voluntary nature of students' questionnaire as required by law and ethics. We handled these missing data with FIML to include all accessible information. However, this might lead to decreasing validity of our findings as results might differ if all students had participated in the questionnaire. Additional analyses (see showed that selectivity of samples depended on school track, with selectivity being more distinct in vocational track students. In tendency, students with lower final GPA (d = −0.05/−0.11; for academic and vocational track, respectively) and lower cognitive ability (d = 0.09/0.04) were less likely to respond to the questionnaire. Female students were more likely to participate (d = 0.08/ 0.14). Further, as described above, we estimated plausible values for students who were not present on the day of testing. Additional analyses show that the absent students differ slightly from students who participated considering final GPA (d = −0.16). In consideration of these selectivity issues the found relationships might be even stronger in a more heterogeneous sample. However, as the relevant variables were included in our models it can be argued that FIML estimation provided reliable estimates for population parameters that would be comparable to parameters estimated using Multiple Imputation (see Graham, Olchowski, & Gilreath, 2007) .
Third, another measurement issue concerns the limitation of variables in the background model. Because of the high missing percentage in the questionnaire data we discussed above, we included only complete variables from the school administration lists. This means that some relevant variables were not accounted for in the estimation of plausible values. This might have affected our results as expectancy and value beliefs as well as the interaction term were not included. This could have led to an underestimation of effects in our models. Thus, it can be argued if plausible values could have been estimated more accurately, effects would be stronger in our sample. However, regarding the comparison with grades and final exams, a correction for measurement error would not be possible for these measures. Thus, not accounting for these variables in the estimation of plausible values might lead to a better comparability of the measures. Still, it is possible that the nonsignificance of interaction terms when using standardized test scores as outcome are a result of measurement error in our study. This provides another explanation for the varying results when comparing with the results of Trautwein et al. (2012) .
Fourth, we used items adapted from Trautwein et al. (2012) to assess expectancy and value beliefs to closely replicate their study. However, the measurement of these constructs with self-report scales can be questioned and, similar to Trautwein et al. (2012) , measurement model fit was not perfect. Especially in view of the high inter-correlations of expectancy and value beliefs different instruments should be used in future research, potentially reducing common method variance as caused by similar wording. Thus, as previously discussed (see Trautwein et al., 2012 ) findings need to be replicated in studies using different and possibly longer instruments assessing expectancy value beliefs.
Fifth, another issue is the nonsignificance of interaction effects when controlling for quadratic effects of expectancy and value beliefs as observed in our robustness analyses. In view of the robust effect size compared to the original analyses, this can be explained by the increased standard errors resulting from high multicollinearity of predictors. This means that the robustness of interaction effects could not be shown in this analysis, which is why further replications are needed to provide evidence on the robustness of our results.
Sixth, longitudinal studies are needed to provide evidence on the long-term stability of our results as well as the temporal ordering of effects, as pointed out by Guo et al. (2016) . Previous research (e.g., Marsh et al., 2016) suggests that reciprocal effects can be assumed for the relationship of self-concept and achievement in a domain, with achievement and value beliefs being viewed as both cause and effect of each other. Similar associations can be assumed for related motivational constructs such as expectancy value beliefs; however, these should be tested in future studies.
Seventh, further replications are needed to clear up differing results between studies and investigate potential explanations as well as to investigate the generalizability across other samples, age groups, and educational levels.
Implications
Our study has theoretical as well as practical implications. First, our results provide empirical evidence on the theoretical importance of the multiplicative term in expectancy value theory. Further our results indicate interaction effects depend on the nature of the applied achievement measure. This preliminary evidence for differential effects can help enhance the understanding of student motivation, as factors such as high stakes and effort might potentially impact expectancy value beliefs and their interplay on academic achievement. Of course, this needs to be tested more rigorously in future studies.
Second, taken together with previous research, our findings can offer careful suggestions for practical application in education. First of all, our replication of a multiplicative relation between expectancy and value beliefs supports the idea by that isolated interventions targeting at strengthening only one component might be less successful at promoting academic achievement. Of course it has to be kept in mind that cases of students with low expectancy but high task value are rare, which is consistent with research showing the success of interventions increasing students utility value to enhance academic effort especially in students with low expectancy beliefs (e.g., Brisson et al., 2017; Hulleman & Harackiewicz, 2009; Harackiewicz & Hulleman, 2010) . This point is closely related to the assumed reciprocal effects between expectancy and value beliefs and achievement. It can be argued that expectancy beliefs are a result of previous achievements, whereas task values can impact the choice to engage in tasks. This would mean if task values could be enhanced and result in stronger academic efforts as shown in these previous studies; this could foster academic achievement and in turn have positive impact on expectancy beliefs. However, this cannot be tested with our data as longitudinal studies are needed to investigate these reciprocal relationships rigorously. Still, we think this idea can support the necessity of distinguishing between expectancy and value beliefs as well as considering their interactions when predicting academic achievement.
On the other hand, in line with findings by and Durik et al. (2015) our results indicate the importance of fostering both expectancy and value beliefs at the same time and that just increasing value beliefs while expectancy beliefs stay low could in fact be detrimental to academic achievement for these students. Rather, interventions targeting the promotion of educational outcomes should seek to enhance both expectancy and value beliefs. Also, researchers developing new interventions should take into account the different aspects of achievement depending on the utilized measure when evaluating their findings.
Conclusion
In summary, our results highlight the theoretical and practical importance of the interaction term for expectancy value theory and its application in educational context. Furthermore, they emphasize the importance of future replications using the same methodology in similar student populations.
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